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ABSTRACT

A study oftie efectofs bhsh on forw arder soill
com paction w as carried out The HE\e Bofsoil
com paction attw o soi Im oisture conent, tree
s bsh densities (0,10, and 20 kg/m?), and o Il
oftraffic (one and fi\e passes) were measured .
Resu bk indicakd tat on dry, bamy sand soill, tie
presenc ofs ksh did notdecrease soi Bcom paction
after one forw arder pass, butdid provide som e
protction from subsequentpasses. The density of
s Bsh (over 10 kg/m?) did notaffect com paction.On
1 e same soilsin a wetter condition, h ow e\er, s sh
density at20 kg/m? w as significantly Bss tanon
bare p b .At10kg/m* tie inaease in bull density
afer fine passes was smallr tanon tie bare p bt,
butnotsignificanty so.

Keyw ords: Soil com paction, forwarders, s hsh.

INTRODUCTION

Cutto- Ingt (CTL) sysems are increasing ¥ per-
cied as fillhg an im portantnia e in foresth ar-
\esting.Many reasons are ded for tis, incliding
im proned w ork conditions, more effident product
recovery, and bwered envronmentallim pact (2,5,
61.There are spedficsituatons where tie CTLSys-
€ms are cost con petiine wit tree- Ingt hanest
ing.Many of tese advantages, how e\er, hawve not
been suffidently defined t0 te pointt atratonal
d oies can be made conerning te appropriat-
ness ofa sysem for aspedfictask . This is especaly
true in te area ofenvironmentallim pacts.

H anestrs spread mbs and tops in teir pat as
tey proess sems. This ground coser is said ©
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decrease soi Bcom paction by prowvding a pressure

absorbing hyer, bwering te netground pressure

of passing equipment The efEct of skidding wit

as bsh cowvering of18 kg/m?has been reported (4.
Traill conered wit sBsh showed bwer decreases

in air filled porosity, totallporosity, and saturatd

hydraullc conductivity afer t ree passes, butte

efEctw as notpresentafersenen .Rutdept s and

saturatd hydrau lc conductinvities afer 15 passes

were nearly te same regard Bss of e presenc of
shsh,and tiswas ttue at0Ot 5an and 5 © 10 an

deptis. A s hsh Ryer promded significantreduction
in rutform ation and an increase in soi kupport
capadty (12]. For each additiona 010 kg/m?of resi-

due over 10 kg/m? tiere was an apparentinaease

of 25% in soi Bstrengt . Based on previous w ork [ 131,

one study [14] predicted an axerage decrease in

efEctive m ach ine ground pressure 0f34 and 27%
for s ksh am ount typicallof firstand second

thinnings, respective ¥. The efectofa residue hyer
in redudng soi Bcom paction w as considered pesi-
t\e, abough astatistcall significant inflienc

w as notfound {1, 81.

Itis clar from te Rerature tattere is some
incementalbenefit ffom cowering extraction tail
wit shsh,butby how mud and under what con-
ditions has notheen clar¥ defined . This researd
wasintnded Dinwestigat wh atexentsurface
s Bsh decreases soi Bcon paction, and how tis efEct
inkrac wit te number ofmachinery passes, soill
moisture, and s Bsh density.

OBECTI\ES

This study enallakd te proectine infllience of
an organicm ater Byer in redudng soi Icom paction
resu ling from forw arder traffic. Specfic ob pctives
were:

atdetermine e efEctoftv o s bsh densities Bt
ower taill;

b. omeasure tedegreeobenefitaferoncand five
forw arder passes; and

c. bevallak te intraction wit tw o soi Imoisture
contnt afer fine forw arder passes.
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EXPERIMENTAL METH ODS

The €5t were carried outatAuburn Uninersity 3
EM.Smit Agricu luralReseard Cen€r near
Talbssee, AL He Bs atte Centr hawe been used
for sexerallyears in exam ining t e e flectoftiillage
practices on soi Bcom paction.A fie B t ath ad been
used in 1994 in a €stofgrain sorgh um yieBs wit
and w it outsubsoi lhg was made avaei Bb I for tie
shsh study.The st wereconduced in k& winer,
and te fie B had been disked t e previous faMafer
hanest Soill in tie estareas were bamy sand, had
no surface \egetative cover, and had very uniform
physicall properties.

Tw o Enear estsections (167 x 4 m and 58 x 4 m)
wereinstalld.The bngeroftie wowas used as a
‘natural’, or 'dry’, moisturecondition. Itw asdimded
into tree 55m b bcks, and furter dinvided into six
pbt witineach bbc .Each p btmeasured 8 m
bngby 4 m wide,wit 1m between each and 2m
between b bcks.The folbw ing six treah nent (com -
bination ofs ksh density and num ber of passes)
were assigned © one each oftie pbt witin eadh
b bck : &) bare soi Bone and fi\e passes, b) 10 kg/m?
s bsh, one and five passes, and ¢) 20 kg/m? s ksh,
one and fi\e passes.

Shsh densi ties w ere chosen to be compatiblew it
tiose used by e Bewhere [12]. The densities (10 and
20 kg/m?) are reasonab I for typicallp kntations of
tesoutern Unitd Staks. For a20-year-ol bh b
pine (Pinus taeda) p Bntation in the south, a reason-
ab 1 estimate for weight of total biomass might be
about 346 green t per ha (23 cm average dbh, 15.2 m
average height, 2.4 x 3.7 m spacing {11)). Suppose
50% of the basal area were being removed in a
thinningof this stand, and of the harvested biomass,
30% remained as residues [|O]. Alsoassume that the
thinning was a fifth row removal with sdlective
cutting betw een rem oned rows. Then, for a cut-to-
length harvesting system, residues would be con-
centrated in about 40% of the total area. Slash den-
sities, for these conditions, would be about 13 kg/
m?, comparable to the values used in our tests. The
choice of number of passes was made based on
previous research that indicated most compaction
occurs within the first few trips [7].

The shorter (58 m) test section was used for the
experiments in which the moisture content of the
soil was manipulated. Three plots were established
in each of two blocks. Because the sampling process
was lengthy and drying rates were high, it was

kel tatte €stpbt woull dry significanth
betw een €st ofone and fi\e passes. Therefore,
num ber ofpasses w as notevaliatd in tie €stand
allp bt recined fi\e forw arder passes on¥.The
same tree s hsh density treament (0,10, and 20
kg/m?) were random ¥ assigned one each © p bt
witiinte wobbcs.The €stection w as irrigatd
(trane Bhg gun) o\ernigh tprior 0 te ®sk.The
am ountapp led w as dictakd by te rak ofapp lca
tion oftie irrigation sysem ,p bis t ¢ factt atitw as
run onernigh t and totalld about25 mm wakr.

Logging s bsh was ttucked o te sik, sored ©
¢ Iminat hardw ood com ponent, tien spread in a
random fashion atte required density oner te
plots. The s bsh wascolcted from a Pinus taeda and
P. palustris mixed stand @ atw as being clearut.
Trees were delimbed using a gat . There w as a hrge
variaton in Emb size, probab ¥ greakr tanwoull
be expected in a t inning using CTL equipment
There were some hrge (10-15 an diametr) Enbs
mixed in.These w oull h ave been aboutequivalint
10 ops rem aining afer proassing, butteir re ke
frequency may nothawe been tie same.

Soi Bcom paction w as ana¥zed using dianges in
bull density and soi Istrengt folbw ing traffic. The
soi Bsam p s for bu l density were collced wit a
soilhammerwit 5an dianetrand 5cm Ingt
rings.0\en-dry weigh t(72 h ours at105<C) w as
used toexpressbu Bdensityas weight/unitvolume
(Mg/m?) and m oisture conent A recording soill
penetrome®€r (Fnd By, Invine L ;avaiBb 1 in te
USfrom Ben Meadow s) w as used to measure soill
strengt .Measurement were tken o adept of
525 an in 35 an inaement.This particu br m ode I
of penetrom e®r did notpromde €edback on inser-
ton speed, butfrom using otier machines t atdo,
areasonab I estimat woull be in te range of5 ©
10m/min.There w as no organicm ater BRyeronte
soi Bsurface ©inkrEre wit penetrome®r measure-
ment.

Sam p lhg paterns varied w it ®stsection. For
tie dry, or natural €stoonditon, €n samplls were
tken for bull density ateach oftiree deptisin te
soi Bprofil (0-5,75-125 and 15-20 an), for a ot lof
30 from each p bt This sam p kg regime w as ap-
p kd bot pre- and post-treatment (total of 60 sam-
ples per plot). Ten cone penetrometer readings were
taken pre- and post-treatment. Pre-treatment sam-
ples (bulk density and soil strength) were taken
along the center line of the plot, and post-treatment
from the rut centers (five in each rut). In addition to



Journal of Forest Engineering ¢ 17

changes in soi Iph ysicallproperties, soi ldisturbanc
was quantified using measures of rutdept and
total aoss-sectionalarca at te midpoint of each
p bt using te met odobgy (7].

A modified samplng sdieme was used on te
Wetestsection 0 geta m ore accurat estm ak of
moisture conditons atte tme of teament A N
sampls were collced afer traffic, wit undis-
wrbed sanplls collced from te pbtentr Ine,
and disturbed sampls from one rut ecntr. Al
tough some disturbane from trafficw as possib il
atte pbtentr Ine,itEktatitwoull be small
re kive © te amount caused witin te tre rut
ite F[9]. Six sam p s ateach oftiree depts were
collced for bot undisturbed and disturbed condi-
tons, for a otalof36.Deptiswere tie same as in te
dry tests. A similar scheme was used for soil strength,
wit six measurement ateach ofte pbtand rut
aner Ines. Rutdepthand aoss-sectionalarea were
not measured .

The forw arder used in te study was a Frank In
170w it atotalbaded weigh tofl7 t(6 f 11r). The
forw arder was equipped wit 231 x 26 LS2 fres
infhed 1 210 kPa, and passed over tie p bk in one
direction atabout36 km/h _.One pass was defined
as one trip oftie baded tractor.

The study was a randomized conp e b bk de-
signwit wo Wwetortree (dry) rep Bcaks. Treat
mentefEct were envallakd using anabsis of vari-
ance wit number of passes and s bsh density as
main efEcts.

RESULTS AND DISCUSSION
Bull Density

The average soi lw akr conent atte time ofte
study were 108% for te wetp bt and 81% for tie
dry pbt. Pre- and posttreatment bull density
means are shown in Tab B 1.The initalsoi Bbull
density valles were high, all180 or higher for
depts greakr tan 75 an . This w asdespitdisking
te prior @lBull density in e 15 © 20 an dept
range aweraged 195 Mg/m?. The increase in bull
density wit dept indicakd te presenc ofahard
pan.

Pre-treatnent bul density means in Tabl 1
marked wit an asterisk (*) showed a statstcaly

significant dange folbwing traffic (o = 005). A
significantinaease in bulk density wasfound in all
tfreatment atte soi Isurface (Oto5cmdept ). No
inaeases were found at 15 © 20 an dept . The
m agnitude of tie increase was a function of te
num ber of passes and te s bsh density.Com pari-
sons between te non-zero increases in bull density
areshowninTable 2. A Bcon parisons sh ow n are for
means witin tte same moisture Il Resulbs
showed tat in te dry soil te magnitude ofte
increase in bu ll density was tie same for al treat-
ment afer one pass. Bull density continued ©
increase afer fine passes for tie bare soi Bbutdid
notsubsequentd drange for eiter s bsh treament
The bull density inaease for te bare pbt was
near¥ Wwice tatof te cowered pbt afer five
passes - This resu kindicakd, for t e dry conditions,
tata hyer ofsbsh did notmitigat te efEctofa
singl forw arder pass butdid EImitte efEct of
subsequentpasses up © finve . A o, tie density ofthe
shshmadeno apparentdifErence witin tebounds
of tie experimentaldesign.

Resubk were difErenton te wetpbt.The in-
creases in bull density obsened afier fine passes
were rough ¥ equallto taton te dry pbt._There
were difErences, however, in te magnitude ofte
increases between shsh densiies. The 10 kg/m’
treatment had greakr com paction tan te 20
kg/m?treatment, thoughitnotsignificantly higher.
The20kgtreatment w assignificanth bwer tan te
bare p bttreatm ent This resu kindicakd an inkrac
ton of e efEct of shsh wit moisture conent
Unke te dry conditions, a greatr am ountofs ksh
appeared benefidallon te weter soil

Soi I Strengt

Hgures 1 and 2 show te pre- and posttreatn ent
penettom eer readings for one and fi\e passes on
te dry, bare-soi Ip bt . Pre-treatn entsoi Istrengt
showed ahard pan Byer atabout2l an dept .One
pass of te forw arder €nded ® disrupttis hard
pan.A bough te bull density resuls showed an
increase in e 0 5 an dept range, tis was not
detcted in te penettome®r measurement.

For f\e passes, penetrom e€r readings showed a
statistically significant increase in soil strength be-
tween 3.5 and 14 cm depth. The additional passes
also nearly replaced the hard pan layer broken up
after one pass.
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Tab B 1.A summ ary ofpre- and posttrafficsoi Bou B densities Mg/m?).

Depth 1 Pass (dry)

5 Passes (dry)

5 Passes (wet

(cm) 0kg/m? 10 kg/m? 20kg/m*

Okg/m? 10 kg/m *20 kg/m?

0kg/m? 10 kg/m? 20 kg/m?

0-5

Pre 170 1717 173 170”

Post 182 184 181 181
75125

Pre 180 185 1857 188

Post 186 189 150 1391

172 173 1.67 173 176
186 185 150 189 186
188 188 186 187 186
131 152 188 193 150

‘~indicaks tatte pre- and posttreatm entdifErenc in mean bul density is significant(a = 005).

Tab B 2. Summ ary and com parison ofnon-zero diférencs in pre- and posttraffic bu I density. Satstcal
com parisons were notm ade across soi Im oisture conditons.

Dept 1 Pass (dry)

5 Passes (dry)

5 Passes (we®

(an) Okg/m? 10 kg/m? 20 kg/m?

Okg/m? 10 kg/m? 20 kg/m?

Okg/m? 10 kg/m? 20 kg/m?

0-5 0.12% 0.13 0.08% 0217

75-125 006~ 0057

0.14°

0.12* 0237 0.16* 0.10*

.- Valeswit tesame Nter are statisicall te same (o = 0.05).

Hgures 3 and 4 show te ocorresponding soill
stengt measures for te dry pbs, 20 kg/m? treat
mentafier one and fi\e passes, respectine b. There
w as no statistcaldiferenc in response betw een
te shsh teatment, and te 20 kg teatmentis
shown as representatinve ofbot .Resu I for one
pass appeared simibr © tatfor te bare soillIn fact,
tere were no significant posttraffic diferences in
soi Istrengt bew eenanyof t etreatm entatnearly
alldepts afer one pass. The soi Bstengt resu ks for
one pass, tierefore, showed te same trends as te
bull density resulk,ie, tiere were no diferences
afer one pass as a resu kofs ksh density in tie range
of0 20 kg/m?.

For fine passes, tie soi ktrengt m agnitudes were
significanty Bwer (@ = 005) for te wosksh treat
ment® tan te bare p bt atdept s ranging from 7
to 10.5 cm, but were not different from the bare plots
atany otier dept . This resu E€nded t confirm
tat at Bastnear te surface, tie presence ofs ksh
did €nd © mitigat com paction for m u lip B passes

up ofineindry soilbuttattere was nobenefit
from s ksh abowe 10 kg/m *.

Fgures 5 and 6 show penetrome®r readings as a
function ofdept for te bare soi land 20 kg/m?
pbtonte Wet®stsection.Again,tie 20kg
freatmentwas diosen as representatnve of bot s hsh
densities —tere were nosignificantdiferences
detected between te wo I\e B.Bot graphs show
adefinit incease in soi Istengt near te surface,
butte inaease for te bare p bk w as significantly
higher(a = 0.05). Again, tre diferenc in soi Bstengt
betw een bare and s ksh-treated p bt w as signifi-
canttoadept ofl4 on.

Rut Measures

Measurement of rut aoss-sectionallarea and
dept, defined as te Hrgest average difErence
across tie widt ofone tire, were highly variable.
There were no diferences deeded betw een any of
te teatment, probab ¥ because tie rut exen for



Journal of Forest Engineering ¢ 19

te bare p bt were \ery small(aweraging Bss tan
4 an indept).This I Bofdisturbance w as allo
presentin te s ksh-treatd p bt because of e
tndency oftie weigh toftie forw arder 1 bury

some oftie s bsh, causing shalbw disp bhcem entof

soi lwhen it wasremoved for measurement The
rusended tobem orecoherentin tie barep bs,but
not any hrger in €rms ofte vollme ofsoi Idis-
p heed .

0.0

-10.0

:

Depth (cm)

:

--&- Post-Traffic
— Pre-Traff ic

50.0 I
20 00 20

40

80

Penetration Resistance (MPa)

Hgure 1. Soi ktrengt , bare p bt, dry condition, 1 pass -
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Figure 3. Soil impedance, 20 kg/m?, dry condition, 1 pass.



22 . Journal of ForestEngineering

0.0 |-
=& Post-Traffic
100 |- —= Pre-Traff ic
-20.0 |-
£ .
£ @
Q. H
o :
a .
@
-30.0 |-
g
@ 3
@
-40.0 |- B
@
L
-50.0 I g
-2.0 0.0 2.0 4.0 6.0 8.0
Penetration Resistance (MPa)
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SUMMARY AND CONCLUSIONS

Com pared 1o bare soi k ksh coverings for tie dry,
sandy soi I €std, atdensities of 10 and 20 kg/m?
did notdeaease te B\e Bof com paction obser\ed
afer a singll forw arder pass. This resu kis exactly
opposit tatobsened in oth er studies {e.g. 4,8,9],
where tie benefit ofshsh were general seen in
te first €w passes ofte equipment afer whid
te abily ofthe shsh to absorb te weightofte
machine seemed t deaease.We may exphin te
difErenc in te Tolbwing way.In order ® ensure
an obsenvab I dirange in bull density as a resu kof
te treatment, te €St were made in a \ery con-
tolld sitwaton wit fair¥ bose ¥ paded soill
(despi® te high bull density) and uniform condi-
tons.Because e soill were bose, tere was il
diferene obserned between shsh and no s hsh
afer te firstpass — notiing sh ortofabridge cou i
haw prexentd te soi Ifrom consoldating in t at
condition_As te soi lbecane remoled,h owe\er, it
returned 0 a stak more ke a natural foresed
condition, and tere was a benefit obserned from
having shsh in phce. On subsequent passes,
com paction on bare soi I continued o inaease, but
stayed tie same on pbt hawuvng eiter density of
s Bksh cowering present Totalcom paction of slash-
conered p bt afer fine passes was abouthaFt at
obsened on bare p b&. Increases in com paction
were alh ostexclisine ¥ near tie soi urface, abow
75an in dept .

Moisture conentafEcted te obsened benefitof
using s hsh t decrease com paction.W it 25 mm of
simuked rainfal finallbu l density afer f\e for-
warder passes was simihr o taton te dry pbt.
Bare p bt sustained aboutt i as high an inaease
as tose covered wit shsh . Com paction w as sig-
nificanty higher (about 60%, or 006 Mg/m?) for
pbt teakd wit 10 \ersus 20 kg/m? s bsh . Shsh
had a more significantefEcton soill wit bwer
bearing capadty {3], and te moisture conenteffct
€tnded o confirm tis.The soil were ofgencraly
high bearing capadty, and in a dry conditon te
presence of shsh had some efEct butdensity of
shsh did not Wit teincrease in moisture conent,
and te consequentreduction in bearing capadty,
te overallinacase in bull density for bare p bt did
not d ange . The am ountofs ksh present h ow e\er,
didafctth eincreasein bu Bdensityobserned after
five passes.
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